Computer models that predict the rate at which molecular contamination will deposit on optical surfaces typically use outgassing source terms, measured with quartz crystal microbalances, as a basis for the prediction. The American Society of Testing and Materials, Standard Test Method for Contamination Outgassing Characteristics of Spacecraft Materials (Method E-1559), is probably the best know technique used by the aerospace community to measure the outgassing rates or source terms of materials. A simple method for the insitu calibration of quartz crystal microbalances, based on the heat of enthalphy of Adipic Acid, has been developed and demonstrated by the Marshall Space Flight Center, Environmental Effects Branch. The calibration has been demonstrated over a sample temperature range of 25 to 66 degrees Celsius and deposition rates of 2 x 10 -11 grams/cm2-s and greater, for several measurement system configurations. This calibration technique is fully compatible with the American Society for Testing and Materials, Method E-1559, as well as other methodology. The calibration requires no modification of outgassing facilities employing an effusion cell and does not degrade the performance or function of typical vacuum systems.
Introduction
Outgassing rate measurements utilize one or more quartz crystal microbalances to record the real time deposition of volatile condensable materials. The functional condition of the microbalances can be monitored by electronic test equipment such as an oscilloscope but this does not provide a means to calibrate the sensor. Repeated measurements using material samples with a known outgassing rate is a well know analytical method for demonstrating measurement repeatability. This approach could be considered a single point calibration which is useful as long as the sample consistency and the measurement parameters remain constant. However, microbalance calibration over a range of measurement parameters, a more dynamic calibration process, will require many measurements and a large, consistent supply of the sample material to calibrate a microbalance over its operational lifetime. A better approach to calibration is the determination of an intrinsic property of a pure material, from measurements made with the microbalance, which is stable over time and independent of the material source. The material released by the sample and deposited on the microbalance should be a single species and not a mixture of atoms, molecules or multiple units of the parent sample.
A calibration technique that is applicable over a range of sample temperatures and deposition surface temperatures has been developed using adipic acid (Chemical Abstract Services Registry Number 124-04-9) as the calibration material. From source terms measured over a range of sample temperatures, the enthalphy of sublimation 1, 2, 3 (129.3 +/-2.5 kJ-mole -1 ) for the organic acid can be calculated. Agreement between the calculated and literature values for the acid's enthalphy of sublimation provides a calibration mechanism for the microbalances and confirms the geometric relationship between the effusion cell and the deposition surface.
Method
Many outgassing measurements are made in accordance with or are a derivation of the American Society for Testing and Materials, Standard Test Method for Contamination Outgassing Characteristics of Spacecraft Materials, Method E-1559 4 . The calibration technique presented here is based on measurements made in a system modeled on the system described in the E-1559 test method.
To prepare the adipic acid, which was received from the vendor as a powder (99+% purity), the acid was heated in a metal dish until the entire sample melted. The melted acid was then rapidly cooled to form a sample with a uniform surface which facilitates the calculation of a surface area for the sample. The sample, still in the metal dish, was then placed in an effusion cell in preparation for a deposition measurement. The effusion cell orifice has a line of sight to the deposition surfaces of multiple quartz crystal microbalances, on which the volatile species released from the adipic acid sample will be deposited.
A series of deposition measurements are made over a range of sample temperatures while the deposition surface temperature remains fixed. The measured deposition rates are then converted to source terms using the view factors for the measurement system and the sample surface area. For each effusion cell temperature, measurements are made over several hours while recording the frequency output from the microbalance at least once a minute. The rate of change in the measured frequency is then determined from a linear regression analysis of the frequency data (Table 1) for each measurement period. This approach will provide enough data for statically meaningfully determinations of the deposition rates and gives the investigator an objective evaluation of the quality of the data collected during each measurement period. The enthalphy of sublimation is then calculated using the source terms collected over a range of temperatures for a single deposition surface temperature ( Table 2 ). The enthalphy of sublimation is calculated using the van't Hoff relation R is 8.3144 kJ/mole-K, the gas constant T1 is the lower effusion cell temperature (K) T2 is the higher effusion cell temperature (K) R1 is the deposition rate measured at T1 (moles/cm 2 -s) R2 is the deposition rate measured at T2 (moles/cm 2 -s) Exact agreement between the calculated enthalpy of sublimation and the literature value may not always be achieved and a decision on the accuracy needed for the measurements will have to be made by those making the measurement. Often the enthalpy of sublimation found in the literature will be a value plus or minus some uncertainty, making the exact agreement between the calculated and literature values even more difficult to achieve. The objective is to show that the QCM data collected, as an indicator of QCM performance, is accurate and reasonable over a range of source temperatures (Figures 1 and 2 ). 
Summary
The calculation of the enthalphy of sublimation for adipic acid, an intrinsic property of the material, from quartz crystal microbalance deposition measurements provides a simple method for the insitu calibration of the microbalance. Single and multiple clusters of microbalances can be calibrated over a range of sample temperatures using a fixed deposition surface temperature. Multiple sets of calibrations can also be made for Figure 2 Adipic Acid measurements made with TQCM#2. As in Figure 1 , data points falling on and near the dotted line have a high degree of correlation to the published value for the enthalphy of sublimation for this material. This microbalance is co-located in the same vacuum chamber, but with a different effusion cell to microbalance view factor, than the TQCM in figure 1.
